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ELECTRON-PHONON
INTERACTION AND HIGH Tc

The news story "High Tc May Not
Need Phonons; Supercurrents In-
crease" by Anil Khurana (July 1987,
page 17) mentioned Morrel Cohen's
suggestion on possible experiments
for understanding whether high-Tc
superconductors are phonon mediat-
ed. Cohen pointed out that once the
isotope effect experiments can be
repeated on La2_r(Ba,Sr)vCuO4_v
with various concentrations of bari-
um or strontium, one may be able to
observe an isotope effect for some
concentrations, provided that the su-
perconductivity is mediated by phon-
ons and the Coulomb repulsion is not
affected by doping. It is not necessary
in my opinion to assume that Cou-
lomb repulsion is not affected by
doping in order to observe an isotope
effect. If the mechanism of supercon-
ductivity in these high-Tc supercon-
ductors is similar to that in the
strong-coupling transition metal su-
perconductors. Coulomb repulsion
may be modified to break the condi-
tions of nullifying the isotope effect.
In fact I think it is more likely that
varying the doping concentrations
would modify the Coulomb repulsion
rather than the phonon attraction.
This is because changing doping con-
centrations primarily modifies the
electronic properties. Since the phon-
ons that are most likely to have
contributions to the superconductivi-
ty are those associated with the Cu-0
bondings, the modification of x in
La2_;c(Ba,Sr)xCuO4_v may not have
too much to do with changing the
phonon attraction.

NAI-CHANG YEH
Massachusetts Institute of Technology

8/87 Cambridge, Massachusetts

I wish to point out an omission and a
misleading statement in an otherwise
excellent discussion on high- Tc super-
conductors by Anil Khurana in the
July 1987 Search and Discovery sec-
tion. In giving a brief history of the
isotope effect he correctly states that
Pierre Morel and Philip Anderson in
1962 and James W. Garland in 1963
"showed that a reduced—and even a

vanishing—isotope effect is possible
within the BCS theory for phonon-
mediated superconductivity." The
omission in the article is the fact that
I stated in 1959 (Phys. Rev. 116, 45) for
the first time that the isotope effect
would be reduced by the Coulomb
interaction. The 1962 Morel and
Anderson paper refers to my paper.
In Anderson's recent invited talk at
the APS New York March meeting,
entitled "It's Not Over 'til the Fat
Lady Sings," he graciously acknowl-
edges this 1959 work. My 1959 paper
was followed by another in 1962 (IBM
Journal 6,14; that issue was essential-
ly the proceedings of the June 1961
IBM Conference on Superconductivi-
ty), in which I stated, "In fact, accord-
ing to our model, there is no reason
why C [the parameter giving the size
of the deviation of the exponent from
V2 and determined in the theory by
the relative strengths of the Coulomb
and electron-phonon interactions]
cannot be larger than one, leading to
a positive exponent in the isotope
effect." Since the theory gives a
continuous variation from negative to
positive exponents, by implication
there are points for which the isotope
effect vanishes even though the elec-
tron-phonon interaction produces the
superconductivity. This second paper
of mine was submitted 15 September
1961, almost one month before the
Morel-Anderson submission. Al-
though Morel and Anderson treated
more actual metals than I did, they
did not bring up the possibility of a
zero or negative isotope effect with
the electron-phonon interaction.
Garland, who further advanced the
theory in his 1963 paper, referred to
my earlier IBM paper.

In 1967, reporting on the positive
superconducting isotope effect found
in alpha-uranium (from which some
prominent physicists concluded incor-
rectly that some mechanism other
than the electron-phonon interaction
was responsible for the superconduc-
tivity), Gloria Lubkin (PHYSICS TODAY,
December 1967, page 60) pointed out
that I and Garland had earlier sug-
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gested the possibility of a positive
isotope effect with the electron-
phonon interaction.

It is not surprising that the present
Search and Discovery report does not
acknowledge my earlier work, since it
is not referred to in either of the June
1987 Physical Review Letters articles
reporting on the zero isotope effect in
Y-Ba-Cu-O. Marvin Cohen (a co-
author of one of the articles) did,
however, in his summarizing remarks
at the June 1987 Berkeley Conference
on Novel Mechanisms in Supercon-
ductivity, refer to my work.

This brings me to the second point I
want to make concerning the 1987
Search and Discovery report. I be-
lieve the statement that the discovery
of the isotope effect in 1950 "provided
the first hint of the importance of
phonons in the formation of the su-
perconducting state" is misleading.
Actually, Herbert Frohlich proposed
the electron-phonon mechanism for
superconductivity before the results
of the isotope experiments were
known, at least to him. In his famous
1950 Physical Review article, he has a
note added in proof that he had just
learned about the isotope effect re-
sults and that they were consistent
with his proposed mechanism. I re-
member well as a graduate student at
Purdue in the winter of 1949-50 how
Frohlich would talk at length about
superconductivity in his statistical
mechanics class (much to the conster-
nation of some of the graduate stu-
dents who were more interested in
learning what they thought they
needed to pass the preliminary exam).

JAMES C. SWIHART
Indiana University

8/87 Bloomington, Indiana

KHURANA REPLIES: I thank James
Swihart for stating so clearly that
Herbert Frohlich had proposed, even
before the isotope effect experiments
were done, a mechanism for supercon-
ductivity based on electron-phonon
interactions. In my news story, I
wished merely to point out the impor-
tance of the isotope effect experi-
ments; I could not discuss in detail the
various steps in the development of
the theory of superconductivity. As
for the omission: Unfortunately, not
only did the reports of isotope effect
experiments on the 90-K materials
not mention Swihart's contribution,
but a review article I consulted did
not refer to his 1959 paper.

tremendous resurgence of interest in
superconductivity. It is generally ac-
cepted that superconductivity arises
from Bose condensation of electron
pairs that are effectively bound to-
gether. It is not widely realized that
this suggestion was first made by
Richard A. Ogg Jr in the mid-1940s.'
According to John M. Blatt, Ogg was
outside the tradition of solid-state
physics and his suggestion was strong-
ly discounted and was not taken up by
theorists to develop a theory of super-
conductivity.2 Later, the BCS and
related theories were developed.
These theories use the idea that
electron-phonon interactions may
cause electrons to become effectively
bound in pairs. It seems clear that
BCS-like theories were developed
without conscious borrowing from
Ogg's ideas, and these theories go far
beyond Ogg's suggestion. It is equally
clear, however, that Ogg has priority
for the electron pair-Bose condensa-
tion idea, and this should be recog-
nized. One way would be to use the
term "Ogg pairs" to mean any elec-
tron pairing scheme leading to super-
conductivity through Bose condensa-
tion. The term "Cooper pair" (or
preferably "Ogg-Cooper pair") could
be reserved to denote specifically
pairing arising from electron-phonon
interactions.
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The discovery of new high-tempera-
ture superconductors has created a

Mendel and the SSG
Two p's in a Pod
Our traditions provide different mod-
els of progress. On the one hand, the
"great American genius syndrome"
encourages one to seek technological
progress in the work of isolated ge-
nius. The conflicting virtue of "thriv-
ing American free enterprise," which
harnesses organizational skills to cre-
ate progress, seems to better fit World
War II Liberty Ships than it does our
concept of scientific progress. Even
though my training denies the myth, I
still find it unsettling to argue for a
$4 billion SSC project, which expects
scientific progress from a planned
group effort rather than individual
genius.

During a vacation visit to Brno,
Czechoslovakia, I was afforded the
opportunity to visit the Mende-
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